To clarify the dynamics of organic substances in a river eco-system, the balance of production, inflow and mineralization has to be clarified. It is difficult, however, to distinguish the inflow of organic substances from photosynthetic products, and to determine how the amount of each organic substances is utilized by the heterotrophic microbes in natural conditions (HAACK and MCFETER, 1982) . In many urbanized rivers in which city pollutants are discharged, a large amount of periphyton grows on river beds and exerts a significant role in production and mineralization of organic substances (AIzAKI, 1978; . WUHMANN (1964WUHMANN ( , 1972 and WUHRMANN et al. (1967) studied self-purification in large-scale outdoor artificial streams and found that the rate of mineralization of organic substances in streams decreased remarkably with an increase in the percentage of sessile algae in the attached microbial community. TEZUKA et al. (1967) also reported a similar result in an artificial outdoor stream. These results suggest that the photosynthetic products by sessile algae repress the removal activity of dissolved organic substances in river water by periphytic heterotrophs.
Introduction
To clarify the dynamics of organic substances in a river eco-system, the balance of production, inflow and mineralization has to be clarified. It is difficult, however, to distinguish the inflow of organic substances from photosynthetic products, and to determine how the amount of each organic substances is utilized by the heterotrophic microbes in natural conditions (HAACK and MCFETER, 1982) . In many urbanized rivers in which city pollutants are discharged, a large amount of periphyton grows on river beds and exerts a significant role in production and mineralization of organic substances (AIzAKI, 1978; . WUHMANN (1964 WUHMANN ( , 1972 and WUHRMANN et al. (1967) studied self-purification in large-scale outdoor artificial streams and found that the rate of mineralization of organic substances in streams decreased remarkably with an increase in the percentage of sessile algae in the attached microbial community. TEZUKA et al. (1967) also reported a similar result in an artificial outdoor stream. These results suggest that the photosynthetic products by sessile algae repress the removal activity of dissolved organic substances in river water by periphytic heterotrophs.
In the present study, removal and excretion activities of dissolved organic substances by periphyton community were examined by using artificial substrata submerged in the water of the eutrophic River Tamagawa and laboratory recirculating streams. According to the use of these artificial substrata and laboratory streams, it was made clear that the removal and excretion activities of dissolved organic substances changed with the progress of the biofilm development of the periphyton community.
Materials and Methods

2-1. Experiment using artificial substrata
The Tamagawa River is a typical eurtophic river in Japan. In the midstream of the river algal blooms with maximum densities approaching ca. 500 mg chl-a m-2 have occurred on the river bed from spring to autumn (AIZAKI, 1978) . Artificial substrata made by polyvinylchloride were submerged in this region of the river. About sixty polyvinylchloride plates (5 cm x 5 cm, the surface roughed by rasp) were fixed on an iron frame with wires, and submerged in the river water in April, 1974. Six plates were removed from the frame at 4-5 day intervals and brought to the laboratory in the wet state. Then the plates were used for the measurement of removal and excretion activities of organic substances and periphyton biomass. The study site and method for measuring the periphyton biomass have been described in the previous study (AIZAKI, 1978) .
Removal and excretion rates of organic substances by periphyton communities were measured by the following method. Two plates with the periphyton community were held vertically in a beaker (1/), and 600 ml of the river water was poured into the beaker. Then the beaker was incubated at 20°C for about 24 h. The water in the beaker was stirred continuously with a magnetic stirrer. The removal and excretion rates of organic substances were estimated from the difference of water quality before and after incubation. In order to clarify the role of sessile algae in the removal and excretion rates, the rates were determined for four different combinations of microbial communities and incubation conditions as follows: 1) river water under light condition (3,000 lux), 2) heterotrophic periphyton community under dark condition, 3) periphyton community under dark condition, and 4) periphyton community under light condition (3,000 lux). The dark condition was created by covering with black vinyl sheet. The heterotrophic periphyton community used here was grown on the back surface of the plates where sessile algae scarcely grew (AIZAKI, 1979) , while the periphyton community was grown on the top surface of the plate. The effect of the photosynthesis of sessile algae on the removal and excretion rates of organic substances was evaluated from the difference of removal rates of the periphyton community under light and dark incubation conditions.
Concentrations of dissolved organic carbon (DOG) and biological oxygen demand (BOD ) were analysed before and after incubations.
2-2. Experiment using laboratory streams Two artificial recirculating streams were made in a laboratory. Each of the streams (Fig. 1) consisted of pair of parallel flumes made of polyvinylchloride. The size of the flume was 1.5 m long, 10 cm wide and 5 cm deep. Twenty liters of river water was collected from the midstream of the Tamagawa River and filtrated through a No. XX17 silk cloth net. Then the water was circulated in each artificial stream. Water was renewed at 3-5 day intervals. Current velocity, depth of water and water temperature in the streams were about 20 cm sec 1, about 3 cm deep and 17-22°C, respectively. Stream A was illuminated with fluorescent lamps for a period of 12 h per day. Light intensity at the surface of the stream was about 8,000lux. Stream B was maintained under dark condition by covering it with a black vinyl sheet to prevent the growth of sessile algae.
The experiment was started on 9 March 1974, and water samples were collected almost every day and analysed for concentrations of DOG and BOD. At the start of the experiment, the periphyton collected from the midstream of the Tamagawa River was inoculated. About twenty polyvinylchloride plates (5 cm x 3 cm, the surface of which was roughed by rasp) were placed on the streams, and collected periodically to measure the periphyton biomass and activities of photosynthesis and respiration. Methods for measuring photosynthetic and respiration rates have been described in the previous report (AIzAKI, 1978) . Water temperature and light intensity at the measurement of these activities were kept at the same conditions existing in the streams. On April 9, one month after the beginning of this experiment, glucose (400 mg C ) and sodium acetate (400 mg C) were added to each artificial stream and their removal was determined. 2-3. Chemical analyses Ammonium nitrogen ( NH4-N) , nitrite nitrogen (NO2-N), nitrate nitrogen (N03-N), inorganic phosphorus (P04-P) and DOC were analysed after filtering the water samples through a precombusted glass fiber filter (Whatman CF/C). ethylendiamine; N03-N by colorimetry after being reducted to nitrite (STRICKLAND and PARSONS, 1965) ; glucose by the anthrone method.
Results
3-1. Experiment using artificial substrata 3-1-a. Standing biomass Figure 2 shows the changes in standing biomasses of periphyton communities and suspended solid in river waters during the experiment. The biomass of periphyton communities grown on the top surface of the plates increased rapidly after the 8th day due to the growth of sessile algae and reached a maximum on the 16th day. Maximum values of dry weight, carbon and chlorophyll-a contents in periphyton community using light incubation condition were 136 g dry wt. m-'', 37.6 g C m and 2,360 mg chl-a m respectively ( Fig. 2-a) . In the periphyton community using dark incubation condition these maximum values were 108 g dry wt. m 32.6 g C m and 1,110 mg chl-a m-2, respectively ( Fig.  2-b) . The difference of the maximum value between the two conditions may be caused by the loss of periphyton at the mature stage of the biofilm development. The dominant species of sessile algae were diatoms in the early stage of the biofilm development and Stigeoclonium sp. in the mature stage. The biomass of heterotrophic periphyton grown on the back surface of the plates increased gradually through the experiment. Maximum values of 163 g dry wt. m and 3.9 g C m were observed at the end of the experiment (Fig. 2-c) . Sphaerotilus sp. dominated in this community. The ranges of the biomass suspended in river waters in this experiment were 11-21 g dry wt. m-3, 1.9-3.6 g C m_3 and 22-62 mg chl-a m-3, respectively ( Fig. 2-d) .
Maximum numbers of aerobic heterotrophic bacteria in the periphyton communities using light and dark incubations were observed on the 25th day to be 3.9-7.0 x 103 cells cm That of the heterotrophic periphyton community was 3.3 x 10'S cells cm at the end of the experiment. In river waters the bacterial number fluctuated between 1.6-7.0 x 106 cells • ml-'. continuously with increase of biomass and showed a relatively high value of about 040 mg m_2d -' on the 31 th day. On the other hand, the rates per unit carbon weight showed almost constant values of 270-330 mg gC~1d -1 during the experiment (Fig. 4) . The removal rates of BOD under four different incubation conditions were compared with each other in Fig. 5 . It is evident that the highest BOD removal on average rate was shown by the heterotrophic periphyton community under dark incubation condition, followed by suspended microbes in the river water under light incubation condition, periphyton community under dark incubation condition and finally periphyton community under light incubation condition. The rate by the suseended microbes in river water was calculated by assuming that the water depth was 25 cm, which was estimated to be average water depth at the study site on the Tamagawa River.
When the biomass increased to a relatively high value, organic matters as indicated by BOD were released from the periphyton community into the water. This phenomenon was more evident when the amount of organic matter was determined as DOC, which is the total concentration of both microbiologically stable and unstable disssolved organic substances. Figure 6 shows the DOC removal in the same experiment as in Fig. 5 . It is notable that the removal rate of DOG by the periphyton community grown on the top surface of plates showed almost a negative value, especially under light incubation condition. Thus, a considerable amount of organic matter was released into the water during the maximum stage of the periphyton growth.
3-2. Experiment using laboratory streams 3-2-a. Standing biomass Main chemical properties of the waters which were collected from the midstream of the Tamagawa River and circulated in laboratory streams are shown in Table 2 . The concentrations of organic substances and nutrient were extremely high. As a result, a large amount of sessile algae grew on the bed and walls in Stream A which illuminated with fluorescent lamps.
The biomass in Stream A rapidly began to increase from the 7th day, and reached a maximum of 54.5 g dry wt. m-2, 18.0 g C • m-2 and 1,345 mg chl-a m~2, respectively on the 24th day (Fig. 7) . Achnanthes sp. appeared on the 7th day and dominated in the early stage of the community. The number of diatom ranged Can the other hand, in Stream B which was maintained under a dark condition, the biomass increased very slowly to a maximum of 2.8 g dry wt. m"2 and 0.5 g C. m"2 on the 24th day (Fig. 7) . These values were significantly lower than those of Stream A.
The total number of aerobic heterotrophic bacteria was also higher in Stream A than in Stream B, being 4.9 x 107 cells cm' in the former and 1.0 x 107 cells cm-' in the latter on the 31 th day. However, these values were relatively low as compared with those in the midstream of the Tamagawa River (AIzAxt, 1980) . 3-2-b. Photosynthesis and respiration Changes in the photosynthetic and respiration rates in Stream A and B during the course of the experiment are shown in Fig. 8 . The photosynthetic rate in Stream A showed a relatively high value on the 7th day and increased further with an increase in the biomass to a maximum of 660 mg O,.m~'•h"1 in gross production and 505 mg 0,.m"'•h"1 in net production on the 24th day. These values were comparable with those of the Tamagawa River (AIZAKI, 1978; . Fig. 9 , and the removal rates of BOD and DOG are shown in Table  3 .
In the first four days of the experiment, the removal of dissolved organic carbon from the water was considered to be degraded by the suspended microbes in water, because few attached organisms grew on the bed and walls of the streams. In this period, 8-11% of DOG and 55-62% of BOD were removed from the water in both of the streams. Thereafter, the removal rates were different between Stream A and Stream B, especially for the removal of DOG.
In Stream B, the removal rate of DOG ranged from 30 to 55% during the first day after each renewal of the water . However, it did not increase further in the following days and remained approximately at the same value on the 3rd-5th days after each renewal of the water. In Stream A, the removal rate of DOG showed relatively low values of 9-31 % on the first day. Subsequently, DOG increased owing to the release of organic matter from the community into the water, especially in the latter period of the experiment. Therefore, the removal rates ranged from -34 to 34% on the 3rd-5th days after each renewal of water. The most abundant release of DOG was observed during the period from the 24th to the 28th day, when the biomass, photosynthetic and respiration rates maxima were observed. DOG concentration increased by about 34% during this period.
BOD removal, however, showed almost no difference between either stream. The removal rate of BUD ranged from 57 to 97% in Stream A and from 68 to 93% in Stream B on the 3rd-5th days after each renewal of water (Table 3 ). These data suggested that the rapid On the last day of the experiment, glucose and sodium acetate were added to both laboratory streams, and their removal was determined. Figure  10 shows the glucose removal and Fig. 11 indicates the DOG removal in both streams. 
Discussion
Seasonal changes in concentrations of DOG and BOD in the midstream of the Tamagawa River are shown in Fig. 12 . BOD concentration showed frequently very high values of over 15 mgt' in the winter period, and a maximum value of 32 mg l-'. That in the summer period ranged from 5 to 10 mg l~'. DOG concentration was also high in the winter period and ranged from 10 to 15 mgt', against 5 to 10 mg l-' in summer. The ratio of BOD to DOG, which was calculated by conversion of BOD concentration into carbon concentration assuming an RQ ratio of 1.0, was about 40% in the summer period and about to 60-70% in the winter period.
Although the main sources of DOG in the midstream of the Tamagawa River have been considered to be the discharge of city waste, the details on these sources have not been clarified (OGURA et al., 1975) . Since in this region of the river abundant periphyton with maximum densities approaching ca. 500 mg chl-a m had grown on the river bed (AIZAKI, 1978) , the periphyton community may well become one of the important DOG sources in this river. Many investigators have studied the excretion of organic substances from living algae and confirmed that the excretion from algae is one of the important DOG sources in rivers and lakes ( STORCH and SAU NDERS, 1978; KAPLAN and BOTT, 1982) .
Dissolved organic matter excreted by algae contained many kinds of organic compounds from low to high molecular weight (HELLEBU ST, 1965; WATANABE, 1980) . KAPLAN and BoTT (1982) reported that low molecular weight compounds excreted by algae are selectively uptaken by coexistent heterotrophs; as a result, high molecular weight compounds remain in the water. In this study using laboratory streams, biologically labile organic substances determined by BOD were rapidly consumed in the first day after each water renewal. Therefore the dissolved organic substances accumulating in the laboratory stream water are regarded as microbiologically stable compounds of probably high molecular weight. In the experiment using artificial substrata, biologically labile organic substances determined by BOD were also consumed rapidly, and biologically stable compounds determined by DOG were excreted into water. OGURA et al. (1975) measured the component of dissolved organic substances in the water collected at the midstream of the Tamagawa River and reported that high molecular weight compounds of over 10,000 molecular weight accounted for about 60-70% of total organic substances. This value was almost the same as the residual DOG percentage after the 3-5 day incubation from each renewal of water in laboratory Stream B. These results suggest that biologically stable organic substances made up a large portion of the total dissolved organic substances in the water of the Tamagawa River, and that excreted organic matter from the periphyton community become one of the important sources of these substances.
In this study, removal and excretion activities of organic substances were investigated in particular in relation to biofilm development of the periphyton community. In a eutrophic stream, the biomass of periphyton always fluctuated owing to growth and loss, and homeostatic conditions rarely exist ( AIZAKI, 1978) . Therefore activities of the periphyton community in eutrophic streams must be investigated in relation to biofilm development. However, there are few studies conducted with this purpose ( AIZAKI, 1980) .
From the results of the present study, a high removal rate of dissolved organic substances by the periphyton community is expected in the early stage of biofilm development, while a high excretion rate is observed in the mature stage. The maximum excretion rate observed in this study was 580 mg C m d-1 in the light incubation condition of the artificial substrata experiment. An excretion rate of 400 mg C m d-1 was also observed in the dark incubation condition. The organic substances excreted in the dark condition are considered to derive from decomposition of accumulated particulate organic substances on the inside of the biofilm. The different amount of 180 mg G m d-1 between light and dark incubation condition probably originated from photosynthetic product by living sessile algae. This value changed also with the progress of biofilm development of the periphyton community, and a maximum of 280 mg G m • d-1 was observed just after the scour of a large portion of periphyton (see Fig. 6 ). These excretion rates observed in the present study are somewhat lower than that reported by KAPLAN and BoTT (1982) in a piedmont stream, but relatively higher than reported by WATANABE (1980) in the small euthrophic Lake Nakanuma.
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